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£ 3d 



EE si ?i&th MS 

M-itSJxm SXHS &4H4icffM(CNT)S| *Rji|-Sa Mo^b 7lW£0|ch 

£ 2b 4ia|S7|Sol| s^BlidnBHsl 7|^« o|&«|-<H £ 1£J cnt# S^^7| flft :ab*l d^h eHS 

§ Eh=b 2HS§ LhEj.y 7H^£o|t:K 

E 3g g u^ojx^F S*Hb CNT nH&jo| ailsmSS Mo^b SS£0|cK (a)b nHaoi l*£!b 7|S ifflofl b|« 
7|(-SH)» ^#a|?|zl, a UiSSol gxH@ CNT BSS JlSSffe 7H»£o)dK (b)b (a)(H|AH CNT B«ofl 

^ 7H°I e|#7|» 7h*[b atiSi olSSKM EE che a Lhitasol =£|xH@ CNTS iSWb 7H^5EO|ch <c)b (b) 
si eh^ol-o^ 3ESCHI 3 U-i^SJxm CNTSI ie! UE» ^o|b S-asl 7Hsf£0|cK (d)b (c)S| ?> h a« 

«h^O=j a L|itfcW7|- ^XHS CNT# JlgJiS ^gSfe tf^S M0=|^b 7HSfEO|cK (e)b 7|S#(H| a Ll-icSJXF 
7h CNT7h Jl^t^. ^SEIOH EHS* 32» Mo^fc 7H^£0|CK 

£ 4b 3 L^ojxf7F QxH£! CNT IB! sj a Sf^HU ei*«fb ^§7|M x|y chgftF b|S|e|so| ¥^ h S 

■¥-, d-tfffl- i5H eho|o gssjfl- -id^^os. 4fi5fg«|-te Mo^b 7H^JEO|cK i3f 2b u|-o|£ 
SSah ELi-S* 4 s ?Jb u|-o|o si^EHS UEHJtfi, 4b #7| t»o|s EUSEls* tfS» 4 ?Jb i«1 Hhoi^gas Ue* 

ycK 3b y^ois si-aj&i g oil ah gsiJibaaisEicg li-eilhtl, 5b £Jse& cntsi a^oii zls^ #7i aaub 

3B!|£E|j= 2 f t-gsi- BhS* 4 SJb #M*4 U-efUlcH, 6b BhS^ol &b SJBh uholfieas M-EfycK 

£ 5(a) b CNTOHI e|§7|(- SH)> S^t^ *, S K0|J=* uj-gAH <|Jo-|£l 3 SS0| Sx|j£i CNT °| TEM Ah£!0| 
3-, (b)b E|§7|(- SH)7h «g£|X| e>b CNTH 3 S^O|J=# BhgA|fl CNT °J TEM A^O|^. 

£ 6b £ 5S *!"CH EhS* HR- TEM Af-£JO|CK 

E. 7b CNTOHI SAHb a aSofl CHS XPS O|gl|a(doublet) ^™|MgO|cK 



Sal #All» 



Bfgsi eo|: 

g ^igg 71-s^^S^b' e-4iLK#M(carbon nanotube: CNT)CH| a^« SAHfl- t!SE^ CNT, H SU & h 7| 

^jSE-a CNTS S^ h ^l U JS°£ nH&JO| 7|S SffloHl ^jg^o^ *b ifflWSS 7h?:|b CNT nHtJ* S^olb 

ah^o|| ah*!- 50|CK 

^S°J am 

CNT& xR^ofl cUfos b^H§l-b &iS o|^o^ &i s^*I|saH §|-l|o| e^ 7 |- EhifiA^ ^z|^ 

StTiJO-l #M«EHS o|^ji «Jb SSOl&t, WMSl ^go| L^D|EH(nm=10 , aiba| 1 □ | EH) a§l 

e o^<^o| gsoia. cNTb ^^s- 7i7)isi ^-a, S7i^ d^-a, fltny ^-a, tl5.s°i ^^xhsdb*! ^-a 
§§ x|u|cn e^sfe #a s as-oi 7H°| on fe & ^* h »e=i^ aq-. 
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0|ofl CNTfe zfS S-x|°J £jAf^il¥d(electron emitter), VFD(vacuum fluorescent display), aj^-SI, FED(field 
emission display), £|#o|g 2*r£!x|£R, ^±M% ^SS^i, M-it 2 r o|cH, L|t g^, M-Jn AFM/STM fj(tip 

), &®n y[^M, si- s*f» dw¥§, :n.7fe *a*n s<hm ss 7 r ^« m<h^ji ?jck cnt^ 

o|*j^ ?HjLSjir ohS^ol ^No-IUjI, BhH*SSr £*lis| £¥ H 4= SJobI, ^So| sfji 3o|7|- 

#0|5|°3. DW ZJ *g [E^gOi S&iAI^Xh, E£«M^E| 0i|LHA| go| ^SAH flO-|t+ MOIjI, Lf 

#7 1 JE^& ^<yg.|| MC|- C r gf oh 7]| gg$|-7| ^SH E^ 1 ^ CIMTSS SMI Ahs.7| A|5|"^|cK 0|^7H| S"Br£J CNT6 
e SErfi 0-tf(ends) §y <ye!(sidewall)oj °J^cH| ^ . COOH f^*j *|-g7|» 7hx|7i| fief. o|&m If***} ^g7| 

s ois«r(H chae ia§§ a r *i-£i°3. goi7i Ai*mo=i cnt°i -ass tussle ttm. ch u-oph 7R 

0i| o|§H CNT2-I 5|-S7|S -SH xlthth 3 ILBoll Dl/dlS* 9JiH(micro contact printing) 0|g$|-0=! 
I0tH| EHQfhS- £LH(Nan, X. et al., J. Colloid Interface Sci., 245: 311- 18, 2002)2r SS7|^ ^(electrostatic 
method)S 0|g©|-0^ CNTS S.^0]\ Cl^°i°g. IL^MZl MJL7 r ?JC r (Rouse, J.H. et al., Nano Lett., 3:59- 62, 20 
03). ZLEHU CNTSI IB S£7h atf^Ol er«rCrfc BSOl ?jottS, ^Afe ti^o^. SBCH| JlSSfc 

HH^y as 4= aw^ xig^oj eas 7 r x-m hi-ei-ah ah^s- se«si as 7^01 a 
?sm SJcK 

Sle, CNTBJ *J7|H -yU 5Efer ohxHSj- 0|&^0=|, H|-0|aS5IS .313 & CNTS] £j7isW 

mi ^S r S §£r &B^0\\ cH£h 2j^7 r o|^0-jxm ojej. ( Daij H et a) _ ACC chem. Res., 35:1035- 1044, 200 
2; Sotiropoulou, S. et al., Anal. Bioanal. Chem., 375:103- 105, 2003; Erlanger, B.F. et al., Nano Lett., 1:465- 
467, 2001; Azamian, B.R. et al., JACS, 124:12664- 12665, 2002). 

trfi, Er H -4S- 5|tf= emsl cH**|£! oils., omiE!(avidin)- u r o|£fJ (biotin) fi ¥ »!&□«, juMS. *lE|S 

7|S^|oii CNTS o|g«H>=| xHtiS c r S, Sj7|3^*t£! gfSJS 5*0=1 ^M^M0rU|S2j ajSs^ch ( 

Star, A. et al., Nano Lett., 3:459-463, 2003). 

JLSJ^oj CNT fflE|£l|0|0H(multilayer)S Eh^O-i =L flofl DNAS CrS, 4fM5l°S SlTSfe DNAS SS^ 

7-Slte#^}(genotyping), SPj^ol mutation detection), 'S-gja 3 £!Eh(pathogen identification) 5 
Oil #SS r t:h. PNA(peptide nucleic acid: DNA WA|-*I|)* E^^(single walled) CNT CHI *jH*| ^0|s|om jlSShM, 

DNA£|- ^M^£I a^Sfe SSfi- MH7r ?JCh(Williams, K.A. et al., Nature, 420:761, 2001). 5Eth, 
g7|^ r «t-^eJ SJ-SS S§H Sem^Mai£E|E.5 CNT cHa|0|o|| jiSotJl, =P0H_|Q #Si-(guanidine oxidation) ^ 

*3H DNAS ge& CHIS ?Jc r (Li, J. et al., Nano Lett., 3:597- 602, 2003). ZL5HU- o|^SS- CNTS b r O|S. 

CNT* OlS-fH JlSlfStl HrOli^Af aft-if!!A-|(WO 03/016901 A1)7|- ^B^A^I ?JCK 7|S^icH| Sr^^ 9^2*115 

AhSthoi CNTS HH^shu o^EH SW^I Bl^J^S ¥*T«rO^ odo-jAfe aE|AHyt! uholsSJcni 5o S , u| 

jl5h ^7isH£7h ar«i-(N §«m7ii e^* r 7i o-ie^is ess 7h^m ?JtCl 

U r O|^lAi^.AH CNT7h ^>g±= 0|#^ *}VH, a|0|MliO| ^£ = wf | S^ K0| ^ 0i| AH 

s a«Aia ¥ a!7i aH&oich ah^s L^gs4- ai^ho| s^sec^ss), 5s^i£ D ^, 

CNTS «S«5«feoKH|AH A r a^|7 r ^leoil ao| S^sf^i ?Jc:K ^Ai, g-ajSJo| gg, D 

NA AH^2.| (Anal. Bioanal. Chem., 375:103- 105, 2003; Proc. Natl. Acad. Sci. USA, 100(9):4984- 9, 2003; 
Anal. Bioanal. Chem., 375:287-293, 2003) SO| rt^O|p. CNT* 7|eh°S c r ©(multilayer)0i|Aio| ^§^X|- 

ae^oi <siji a7is££ ^soi ^^oioi dna£|- &e ^MMx r 7h ^SEife to^ ¥ e,m, ^gMAhoni 

CNT Oj| 2f5 5fS7|» StTA|7fe 7|S3r ¥7|MS(H| SH&trfe- CNT0i| cH*h 4^StiS SCHA|7|Efe 
7\ 2l^£|a ?M. DNAS SffStfo £ CNTfe gO|L r ^7|§0(|0i|£ £" ^§ O r U|EK CNT7(- 

4=$^ ^oijAH g &d-E|E^ shfe ^-S* 7^CK Ofe CNT, *|-7|^SJ£! iS(self- assembly surface), S r 

«t se^ ^Ol^AH 7Ha-cH| §££r &C|-(Nat. Mater., 2{5):338-42, 2003; Science, 265:1850, 1994; Adv. 

Mater., 10:701-3, 1998). 

£|e°J BT(biotechnology)2f NT(nanotechnology)7 r Strife ^Alfe ^O|^o^ a^( S pecific binding)ffl- ?>! 

u r o|£Sasi o|«*h ff-y L r inAHS(hybrid nanomaterial)S.| 7H^« ^SAlScK DNAfe Strb fl*l(des 

ired locations : ¥ BfgoflAHfe 3 Uiggol MS ?|*|)0fl 7|-A-| attS ¥ ^DhM L^2f 0|o-|(smart nanowir 
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OlS*, AHii. Che Sofal atfe AH^e 7|^(frontier technology)* S^^a! &ch. IT(information technolo 
gy), NT 91 BT°J gtfg Slfi«7|-2£r Moh-7h JEl&cK 0|S¥Ei £j7|*|£] a#ao|£fe m[^JL C|A|ij SM 

• afo|og a o[ £7|ff?2t yg-a gnh as E||0|E| =Sofl OISS 4= ?M JE| <«ch(Chen, J. et al., JAC 

S, 122:657- 660, 2000; Dahne, L. et al., JACS, 123:5431-5436, 2001). 

ti[o\°*±oU-\ fihsasH afisfe 7|5fi| §#gS2h S^IS^ §§ olgshe &So| 7h# MB 

*40|l_h(Toriba, A. et al., Biomed. Chromatography:BMC, 17:126- 132, 2003; Raj, S.U. et al., Anal. Chim.Acta, 
484:1- 14, 2003; Peggy, A.T. et al., J. Microbio. Meth., 53:221-233, 2003), gCH SSfot^l ^71^ 

§ ^Stf 4 SfSiftOl A|£E|fflAH CNTEfe *J^*HS| =j£^0l ^0^\JL 9iC[. 



tf«0| Oj^Jl^ Sfe 7|fc*l 4*11 

e w^e #71 sbH7|^o| s^ias =M*«h7i s^s sahsi-o=i 27i£!E.£7h cnt ai 

e che a^oi s*hs cnt« 7Is#chi ^ssho=i cnt hh^s s#!she s-as A-flgthfccii ?m. 



tdl-Mo! -J. A;. Oj Xl-fi. 
E3 O ! ™ O j*r — 1 Q 

#7| ^* E|-g«h7| ^Sh<H e fe h Se (a) ?hMfc|7|» CNT» AHSSS-fe EMI; (b) #7| CNT°| 5>hM^4!7| 

S 0^|M7|S|- E|£7|S SA|0fl SfSf §iJo| 0hD|i7|S>h 33" AM E|«7|3. 7HH@ CNT 8 <yfe 07)!; iLj (c) 

#7| B^lcHW e<Hfi E|^7|sL 7HSS CNTSl E|«7|0fl g^S 3&A|=7fe 5S Shfe a 

^0| =^AH@ CNTS-I All^^S* *IS&C|-. 

#7| 0hrj|^7|2h E|g7|S 5A|0)| 7h*|e S^SSS NH 2 -R 1 -SH9J 5j0| Hhg-SjSKjl, 0=|7|AH, R,gC ,.30 

£! ithE^h4^#, iltfP^i^ SEfe ^7|7|o|ch 

#7| (a) E!-7||fe CNT fit tf2S *jE|*hfe 3* ^§£S S" 4 #7| B(Au)PJ 3* * 4 ?Jch. 

#7| (c) 07=l|fe E|*7|S 7HS@ CNTCHi Ut^h £&fe S^.0|J=S 0gA|?J Eh§, SflA|7|fc 5^J« ^§2 

2. % y 4 s ?Jch 

e SEff. CNT- (CONH- R 1 - S- M)rS| «EHS 7hA|fe ^^0| HAHilOH CNTS A|gff CK 0=j7| 

AH, MS U-EhLHlL, re 1 O|#o| ^oj^O|D^, #7| SSJ f§2S * 4= ?jEf. 

#7| ^^!« &-SSr7| ^IShOi e ^"Se (a) i0<H| E|g7|7h 7|S« A^S^fe 07=11; <b) #7| 7|Siffl 

ai e|«7|chi #71 a^oi gAns CNT o| a&Ai?ib &^i ; a! (c) #71 7ia<Hi cntchi a 

^0| SAH^j ^t'S CNT« ai^A|H CNTi ^Stfe 07=11 S S^Sfe 5h ^S°l Sfe CNT°| nH^S 

A||^Sfe #"dS A^fhcK 

e a&, (a) iaoi E|§7i7 r ±wm y\mm nmn^ 07=11; (t>) #71 7iss^ai e|§7|chi #71 g^oi qah 

S CNTSI S^A|7fe 07j|; (c) #7| 7|S(M| CNTCHI #7| CNT 5 2§A|5H ^ 

£^ CNT ft *1^ r fe 07=11; Si (d) #7) (c) 07=flS tf*»*<H £JE^ CNT°| D JEI ^0|fe 07=|[# MiT^fe 5* ^ 
Sl-fe SE.^ CNT iiSal XflSS-a SJ #71 H o^°S A|^£[J1, 7|S- [CONH- R 2 - S- Au- CNT- Au- (S- R 
3 - S- Au- CNT- Au)p]q°| ?5f ?>fe 5JE# CNT HSft A^thEh. 0=|7|AH pfih qfe 10|#o| xh^^Olch. 

#7| (a) 07=)|fe SBCHI OhDlJt STS7|7h inSS 7ISM ?h = ^4i7|£h E|g7|# §A|0| 7hx|b S-SfSSS *HB|thoi 

#7i 7is#°i ohai^7i£h #7i xtnmmm ?mm±7\ 00^ ohni^ g^s «^^Ai?ie f§2^ «■ ^ ?jch. 
#71 7hs^4j7i2h Eis7i* saichi 7hxie sh*fsae hooc-r 2 -sh°i saoi tJhtr^shJi, o^iah r 2 e c ^ 

20 £! a§h0§h^^#, »i§h0Sh^^# 5Eb #1,^ e7|7|o|ch. 

#7| iffltHi oholic *m7|7h ts@ 7|SS 7|SS ohn|ic.8ts^A|4!a-os *HB|®ho^ <acHS ^S^S m 

4= 5?Jch. 
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#7| 0|0|^7|2| ?^maj 7[ o| ai-A|(H| 5HSUX||£| m|Ol^(base)« A|-gt|b 5* ^S<2.^ » 4= #7| (c) 

EMIb o|g E|g sfg7|» 7h£! o|gt|b 5© fS°S » * &!ch #7| o|g e|§ s|-g7|» 7|£j UHb H 

s- r 3 - sHej 5oi unrsit^ji, o^iah r 3 b c 2J iswf^w, msibs^* sb ^tr^ #7i7ioi 

SE& #7| 7|Sb fiBfe fl*|Ofl SE^ CNTS ¥*t©|-7| SSa|X|^M Eb JLbA| EHfiO| «g£j(H ?Jb 

^oig s§o £ g- ^ o Sjli a^ 7 | 7!SS o B) ^ B|&> g g^ si?h SE ^q gy PD MSiiL 5- CH| AH £jsj£|b 

5?J§ fS^ 4= ?M. 

e maofl/H AhSJEife ,; aAH(dot)'e sofe cnto^i a^oi a h»o £ atrsife ssibck 

* wsou-fe 7i^ cnt°i m&m n&ow ®n a+wm cntchi a^^om, i4^asoi ®nn 
cnts #§7i7h sua 7ia ^iofl si*r*i a&« t^^s ^b is ss» srb 

£j£S CNT EH|H(£fe !§)§ Ai|5|-^^CK 

B BfSoll £1*151 CNTS gJSfh ^l*l<Hj fc<H3 ^dKS¥e-| £<#a|?=|aH bSfJJS SeH 7li£°i e^|cHI-M £o|lK S 
©lb fl*|ofl §J©lb HSfSl nHHS #S<H|A-| S^tr 4= 5UCK ^, CNT» 7|fi(HI ¥*t©tb H cfB°£fe 3*1 £j7i*1£! 

Sl-ftf^oj #^0| SJch. £7|*49J gj-S|0| CNTSj HjUL 3 ^ XM*B?I| 5Sf ^ Jjfedi BhSH, Sh«l*l£l # 

Sb 7\¥tm s|-S7|£. 4=S£r ¥ cnt 7|- ¥^b! S^cHI °JSA|?1 gab g-^js 3*l|£| 7|£N|aH 

©I ««H= ¥b<Hje_f ¥*TATOb 5b oH¥ 5B«l-cK 

S©lb ^IxicHi cnt« a^A|7=| r|°m 2Hes S«a|-7| *|©IWb 7|e°i *S¥*Eh t#A[?|ji, CNT 7| ¥#b! § 
«|o||aH S-AI7J ¥ SJoHoN ^cH, CNTS S*A|fi ¥(H|b ^n^o| «|7HS|«H PDMS2I sre tW| ¥«TA|S 

e V Sb f^^ei S-tlsl SrS* *JcH& o|S* 4= n&^hM o|g«Fo^ 7|&o| nHU# S-ysfo^ #7| g£H 

7i^si es« ?Hd«fr«!cK 5E& xia^xi *Bh2£ di- *n7i#««fs, s^7i#§3[^ jib 7i^°s eie 

Ji^Ah nHejy ssj 0^=1821- S-#o1|AHo| a&j*S<H|AH °^o^|b - COOH S Sh«t5tS7|S| ¥aH gsf ^b SSH7te 
s| bAlISS sHSslb 50| 7[^t[C[. 

om, S¥b! £H« #^tho^ b #AH|§| ^S&q-. 

1. 3 UJ=aSo| SAHb! CNTSLl Alii 

£ 1b ##oflAi cnt ofl #Slth*l oiss^ 9 «gjA|S ^xH(dot)t|b Mo^b 7H^£0|c|, # 

d-Ofl o| g H xh^g CNTb ^S7|(-COOH)g ^jL SJc|. #7| CNT°| ^ = ^4! #g7|S 0|Dj^(. NH 2 ) 

^S7|£| E|g(- SH) ^S7|M §AN 7|S li^Hoj ohDlit ^S7|2| aSAlSct. 

OIICH, #7| aa-y®o| 7HS1MISMI DCC (1,3- dicyclohexyl carbodiimide), HATU( C- (7- azabenzotriazol- 1-y 
I)- 1 ,1 :3,3- tetramethyl uronium hexafluorphosphate), HBTU( O- (benzol riazol- 1 - yl)- 1 ,1 ,3,3- tetramethylur 
onium hexafluorophosphate), HAPyU( (7- (7- azabenzot riazol - 1-yl)- 1,1:3,3- bis(tetramethyiene)uronium he 
xafluorphosphate), HAMDU( 0-(7- azabenzotriazoi- 1-yl)- 1,3- dimethyl- 1 ,3- dimethyleneuronium hexafluor 
phosphate), HBMDU( O- (benzotriazol- 1-yl)- 1,3- dimethyl- 1 ,3- dimethyleneuronium hexafluorphosphate) 
§5| bH|0|^(base)^.M-| DIEA(diisopropylethylamine), TMP(2,4,6- trimethylpyridine), NMI( N - methylimidazole 
} §S Al-Sflb 5o| um-SjSfcK IS SoHS. A|g^ nH ?H#SjxH|S.AH EDC(1- ethyl- 3- (3- dimethylamini- pr 
opyl) arbodiimide hydrochloride)^, ? HSUAl|°| Si.A||^.A-| NHS N - hydroxysuccinimide), NHSS(N- hydroxys 
ulfosuccinimide) Ah§S|b 50| HHrS|«H^. #7| 7HSl|Al|b - COOH Sfg7|fi| - NH 2 ^ h S7|7|- o|-n|= afi( 
-CONH-)* S^©fe ©1^, #7| m|0|^2| MSTJIfe 7H#U^|7|- 0^|£ ^& h » S^tf ttH ^tt 4- 9.1 

#7| 0|D|in ^%7\9k £\m #*7|# §A|CHj 7|A|b U^fe NH 2 -R r SH^ iA|E|b S|^gS0| U^SJ«H=F. 0=| 

7IAH, R , & c Lao fiJ SSIEr^^W, MiSI&&4-4iW ^b &m ^7|7|o|c|. 

#7| E|S 5|"S7|S. 7HSb! CNT (HI HAuCi 4 , HAuCI 4 ■ 3H 2 O, HAuBr 4 , AuCI 4 K, AuCI 4 Na, AuBr 4 K, A 
uBr 4 Na §21 ab 3 Uin^JAK Dj dUr^TlIb HAuCI 4 a SS. o|cm ^gA|?^ as| «| ¥¥l(gold nucleation 
site)S 4S-at!" SI- 7 1 [BJ-S^ 1](H|AH2| ^0| 0|b ^fi &hS(ion extraction reaction)S 0|gt|o^ a L|^?JA|-S 
&fdA|?=i CNT (HI a aSS S*HA|£!ch 
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1] 

AuCI 4 - <aq) + N(C 8 H 17 ) * + (toluene) - N(C 8 H 17 ) <* + AuCI 4 - (toluene) 
mAuCI 4 - (toluene) + n CNT-CONH-C 2 H 4 SH(toluene) + 3me - - 
4mCi 4 - (aq) + (Au m ){CNT- CONH- C 2 H 4 SH) n (toluene) 

4lS5|oS.'CNT-(CONH- R , -S-Au)r'£| €31* 7|-X|fc 30| SxH£! CNT7I- go-ISC}. o=|7|AH rS 10|# 

fil xM^ojcK 

3 Old oil S(Ag) M-infcjXh Bi)a(R) M-itSJ^, 3i(Fe) L|-in9JxK L_|^!(Ni) L+itSJXh S^M(Co) M-icfcW A|-g 
m 4= aw. o|clH tfSHg SeH^I #7| fjxhS-S d^etJ fch«# o|»*|-<H e|s *|-§7| g:ah as ^oi SW*tS 
7|S 7HflS CNTOll &7| S^§§ #SA|^ SxHAlS 4 SJCh (Jang, K. et al., Nano Lett., 3:275-277, 2003). 

2. 7|S flofl SE|*Hy ^(multichannel type)fi| nflU 

*E|. ■yal^^llolnH, #BF^q gs| 7 |S<H| CNTM ?j§¥¥ flsHA-fe UtiHM £9!Seh 3i 4= ait 

sHfdS S-Sfi" B£7^ jycK 7|fi(H| EHEjS- f^sfe St^S ¥ 7^|7h 5Uc*. 5Mrr «-^?t£W|« o|S*l-o=l CNT« 

¥¥« ^i7H§u, cnts *is Am u&ixi smam ap-m^- ^SOU, M«rtfe CNTS *4«it ¥¥S 

MSE|^ZLBH2|(photolithography)# 0|g*|-<H HS^I 7ia* ^(etching) S^tt 4= 2icK 

¥*ll*1£! 5Sj*SS MH 3t!nH S^StltstS 0|SS|-fc u 0 h S°S SU- 8(Dowcorning co.)^ 5t£ St#etS fcjSH M 
^EliiziEHJil o|S^<M ftiS¥Seh 3fl7H«KN CNTS S*|-A|7|ji §*f *ofl LHHx| ¥^°l g-S-afr* xi|7Hf|-b 

¥ fflwUfe £ 20i|AH£F aoi UBlS7ie(a) ^H0H| 3S-af(photoresist film)* ^C!MSJfU(b), SJSH&fil o^3(ma 
sk)S A^SKM it^(expose)£t +(c), fc»#*KH iSBlrfc-^EHsl gS§ Uxh^eJ HHfdS ^Bl^ 7|& flctf| tg 
^fi-cKd). (H7|ofl <2tj#:iiMxH- ¥o-| 50°Coi|Ai 1 a|?J SHGh Bh 7|-jaA|& *( e ), ej- 7^^! ej-<aj&:nsxh ^1oHIa-( s 
^b|^zieHs| SS§ fi-B cH ^fBScKf). £ 2(f)£|- itoi ?fS-nto| xi|7-m *gofl or|e|^u|oh : ad- » 3 : 1) 

OIU »4»(»d : 2FdS|-^4i =10:1) ^(etching) «fO=| ^S¥¥£| HMXhS Xl|7-|^JI(g), L[D]X\ 33- at 

S «|7H&cKh). 

^-SS &J-7I-J5I JlgAhS 70°C<H|AH 2A|Zh5tt 7hJE(curing) Al^JCh. 7hJiL@ J1^A^S aBIS7|&0|AH 

&SHA|^ aSL|- ^JS MsH S^o^l d¥ -y(hydrophilicity)7|M «^Sfo^ 7?D3f& a5|&7|Eh<H| SO|°j 4IS HgT 
Gho| aB|&7|&0| S'yE|o^ §!t*m cnt S*tA| S^loflAH *Jsfe ¥**Eh §*|A[IJ 4= a,'cK 

ftlSaSfsj = s aB|S7|&«HI *j1 aij^o.| ji^g *foi gj-^o| ajo^ g C H 7HA|«o^^ g 
e MXHS(H|>H §BI*1£J gt^os ¥MBi 4= ?Jch o|^7ll «ho=| n&x^ u^3.7\ ¥ ?JcK 

SSsfe CNTS o|-g*h d^|24J2l 3¥, CNT« SJS¥McH|AH &QM?4 &7\K S-«t^l ^St^^M-, e 

BtSoil/Hfe CNTS S^fe- flxlofl ¥^ gsfAia 4 SS§ 7^U °!cK 

^7|0W Ai#£h bl|-2t SfOl CNT7^ UH'S^I 7IS0II ¥*tS H|-0|oM^S ^71540^ ^ft^7| ^|S|]AHfe Qq^s #x| 

«Ho|= ^fecHI, o| aH ms.fl £&e 4^mm ~ 4^nmo| ft*||7h i8i 5?iS ^ h MsH ¥0-1 o|= *tcf. o^lofl Al-Stt- 4= 
7I&S SB|c|0-HH-y^d(polyclimethylsiloxane, PDMS), PMMA(poiymetbylmethacrylate), PC(polycarbonate), 
PE(polyethylene), PP(polypropylene), PS(polystyrene) Sj* 7 J£ Jl&xh AHS7I- o|g^ 4= fcjcK 

e w-aofl jyoHAH, cNTfe ztzt ds^7^ ej^m 4- skhe as.^ u^^o|o^ n anowires)i mm 

(H| 4= ejooi, oi7|AH d£^S UJn£l-o|(Hfe 5EH7|^S OlgSKH eWfijxl-S S^fi- 4^ ?jocH(Science, 275: 

1896-97, 1997), SS.^ S^^-S. E|j&!S ^ 0|S ¥£J(implantation)0|L_|- >iEiEHl!(sputtering)g 

o|S*|-oi d#7h 4^ £dS S«tA|fl 4^ &ch 

3. 713 4t«HI B|S St§7|(-SH) A-IIS 

e BtSollAHfe #B|, ^B|5 fl|0|ni #E|^s| gal 7|S ^ h o^ Jigxm i^aixl^e sHQft S^Sff tf§, ^7| nHS 

* D^H£ 3f-0=j 0|-D|ir:ata^A|a&* i"£!<H| JlSthOi 0|-D|in7|* 7|S £^011 irr.SA|7|fe If a* A|-S«t&!Ck 
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#7| Ol-Dl^pf jLSS JESOfl E|g icgA|7|7| ^S|0:|, Ah 7 [ o|-a|ir:7|» HOOC- R 2 -SH(0^7|AH, R 2 

feC 1 20 £J S.tr&Sr^W, SS^&SHr^W SEfe gj-tf^ *7|7|0|Ch)£|- E|g *fg7|2|- ^s^aj xhg 7 | S 

§A|ofl swssfii ^smu *rg7i2i- ohoi^ mfoj* £iaAim. sr, 7ia awni E|g7i7i- t»s -7ia- 

CONH- R 2 - SH' SEH2J =P^7| ^SSCh 

OltcH, #7 1 0|-D| = aiTo| 5H#tM|SAH DCC, HATU, HBTU, HAPyU, HAMDU, HBMDU gHh tH|0|>i(base)S.AH 
DIEA, TMP, NMI ft 50| UH^^^CK gg gOHS A|gir ffl| HStJXflSAi EDCS, M£X| 

£AH NHS, NHSS gg Al-gsfe ^0| U|gr*|S|-C|-. 

4. 7ia CNT ft *!S^CH EHlj SEfe HBg tf<£Wfe tftt 

0 ah, SO| SAHS CNT(Au- CNT- Au)» E|« *|g7|7| kf^ 713(713- CONH- R 2 - SH)CH| at, h A|?JcK 0|nH 7| 
3 *ffl2| E|S ^g7|2 r CNTOil SANS 3 AhO|0l| Au-S U=17| ggJE|<H 7|S#0fl CNT7h S&§|7-|| £|0H '7| 
a- CONH- R 2 - S- Au- CNT- Au' Se||o| ^2E7|- ^£Sc}-(£. 3a). 

Clgo^ 7|SCH| ^Hej^o^. ^^ife! CNT0i| ^XHiloH &fe ^H|- 0|g E|g *l-g7|g 7|£J S^HE! HS- R 3 -SH^. 
iA|£jfe ir^gSg ^«A|7|H, SO| SAUe £j£S CNT* #7| U?H2| Cj-C ft ^ Ejg £>g7|2| £lgA|?Jr:|-. 0| 
H JS°£ '7ia- [ CONH- R 2 - S- Au- CNT- Au- S- R 3 - S- Au- CNT- Au' fiE|)o| ^7| SSSEh 3b). 

=L C|§£S, g0| SAHS £j£S CNT &7| 0|g E|g 5J-g7|» 7|-£] tr^ga^ §^^§1 S.^^£S 4t!S| 

01 K<g0]\ £j£S CNT2| 10^1 ifiJcK iiS^Hog. . 7 |a_ [CONH-R 2 - S- Au- CNT- Au- (S- R 3 -S-Au-C 
NT- Au)p] q' SI =?■ >SS SES CNT nHtJ Srr CNT fflgOl ^S^ICHE 3c UfX| ^ 3e). 0=|7|AH p2|- q 
fe 10|&o| ?;|.04^0|CK 

5. gO| SAH-SI S£S CNT Oil H|0|o B|{j|E{« S^tfe tffcj 

U|0|£ B|^^(receptor)fe i*j UhO|SgS^ 3S*r7HM- ehgefc SSS.AH, &7| SST SEfe ^gg a** 4 JU 
1£M «|fi-g Sfe ggOl yh&^Sl-cK 0|Bj& UhO|o Bl^E-l^fe «]a* (nucleic acids), ff^a (proteins), ffijE| 
J= (peptides), ohnjinAj- (amino acids), BlZhE. (ligands), 7lS (enzyme substrates), (cofactors) §-o| 

ajcK & h-^chi jjo-iAH, dioisga^ si-a^si- wtwu sj-sskh astife a ^ ?jfe ga^. 

M, &«ia, ^fe 7 1 e|- u|-o|a MX(-7|- ?JEK 

£4fe g U^2JAr7^ £|AH£! CNT 2-1 i^Ofl S^ ai"o|-7HL| ^Sofe 5|"S7iS X|td Chgf& B|£|Ej&0| 

Cr8f& SW2| K^. U|0|Sgag5|- feEH^o^ ^xhg^- Tyg SO^fe 7 H^H0|EK = L|-^ SS^f- Sgsfe 

^S7|^fe E|*7|M S)-^©|fe 50| U|-»5|«rCF. E 40IJH 15* 2fe a|0|^ga^ Bhgt* 4= ^'fe U r O|2. B|^ 

bis u-ehjiji, 4^ -y-7| u^ois si-SE^r ej-se 4= ?Jfe uioisgas UEi-yci. 3& H r ois. B|A|E^ so-hah g 

B|H^gE||SE|c S lI-EKHjI, 5fe CNT 21 g^CH| I>SS ^7| gB|JlfegaiSE|^2| *^tf ^Stt 4 ?Jfe 

fe h M5 H sHAfg g-Efunn, 6g yg-^ol sfe iJy yhoi^gag UEiyjcK 

0|5| e ^Sg a Aj (H| CHI 2|S|-0^ CH^ 4tA||«r7H| aS^EK 0|g aA|0fe BAi e Sg MC|- tI*||S|os assi7i 

5^m, e Bi-asi oig aAWNi ^^sjxi °^cife &?J7hi<hi/h *^oj xh§ 7 r s m\n wm\ 

AIS& 50|E|. 

aA|0^| ; S(Au)0| SAH-gJ CNT2I A-IIS 

2> hA !g o|gt|o^ 0°J^ E^L|in^-M( single walled carbon nanotube: SWNT)M {a&& E|g, ?|smaj 5j-a 7 | 7 ^ 
^AHtfe CNT« <21|- «| 2-^7^1 (two- phase liquid- liquid system)0-|jA-| Aj-fj. ah^j Bj-gg S§|0^ 3 L|J^oj7;|-7| SaH 
(dot)S CNTg Al|i*|S^C|-(£ 1). 

^Aj j oil el- g SuH<H|AH ?HSUAli DCC2I 0|D|i(- NH 2 ) 2|"g7|2| E|g(- SH) 5|-«7|» gA|(H| 7|-3 

2-aminoethanethiol)S ^7| 7|s^a ^g7|S 7|-^ CNT2| #£<>M 2f24A|ZhgBh JEHUIHcK CNT2| 
^ffl2| fl*|0l| Au- S S|*T SSCHI 2|s|0^ g as *|A|-0|s (gold nucleation sites)7| ^S2-I^E|. 

#B| B>g7|(H| Oji-Ej-Aij o.01% 3 g^.0|c §q 25mlS ^S- E|g, 0| g9jg UB|-s.7|| jayj-A|7|'SA-| 0.01665mmol 
N(C s H 17 ) 4 Br S°-tj 16.5miS *j^^| ^7^|?^K o| ehgoflAH, guf ST^2| ^ ^ B | 7 | -yoHLhru, o| 

*S g ¥M2| ^|0| £f A|E|a (XH77l-X| D||^ HH| = 7-|| jatfSrSjJCK E|*7|7 r «gS CNT 2mgg 1 
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0ml S| S^?l!o| #S ^7 1 ^"(organic phase) cH| £j£H^| S7h«t^cK 0|0{AH, O.0825mmo! NaBH 

4 (S) 20.5mlg ?H?d§| j3»Bh^ffl-M ^mW. 0| yg- #&gS tf£<H|AH 20A|7J jRBMIfl C*8 

, If3 *7 ^(organic phase)* »a3l0|7|» omtW M&( aqueous phase) oS¥E( SE|#5HCK ^B|S *7| 
100nm 7|§ 3.7IS Sffe PVDF(polyvinyiidenefluoride) SlMaieJ Ue{« 0|§S|-o^ O^th^ocH, 0| 0=|J2|- j3|- 

<HM A|S# 3*!- S^oi ^JL 0|g^0H g-thAICi Cl-S, 0| etf^S 2000rpm°| 60^ fi 

&7| Alj3E£l a 3S0| SaH£! CNTM TEM(tranmission electron microscope)2|- XPS(X- ray photoelect 

ron spectroscope)^) o|§H &*W5Hi}. £ 5(a)fe CNTCHI E|§7|(- SH)S 3 M^.0|^# &}gA|=H <yo{£! 

, 3 3^01 S*H£! CNTSJ TEM A|£jO|ll, £ 5(b)fe E|*7|(-SH)7 r 8t£ CNTg 3 *S0h=2|- BhgAlfl 

CNTSI TEM ArEJOiCl. 7| e^A^oS*^, E|#7|7 r £7j|«rfe CNTOflAH 3 SSSS CNTSl 1t&¥ M 

ei ^eofl cn aoi s*hei<h jjss & 4 s ajsm, ei*7i7 r afe cntchia^ a n§oi ^ah£|xi a»s« a- 4 s ai 

£ 6£ £ 5« alHHg^ £|XH £H&th HR- TEM A^0|cK A r S<HW ^gsj ^(lattice) °l * *|«le! d- AH||0|^ (d- 
spacing)g 2.36± 0.02 A 0\W. Ofe g°| {111} cH£h g*j#o| gJt(2.355A 7-|°| ^xl^lfe &0|C} (Po 

wder Diffraction Data File 38- 1364, Inorganic Phases, JCPDS International Centre for Diffraction Data, Swat 
hmore, PA, 199). 

CNTOfl SaH£! g ggo| #t}#Effe XPSS SSHAHE *ojir 4= 5U«cf. 5E. 7& CNTOfl SAHS a SScHI cHffl- XPS 
0|gE|3.(doublet) ^«|MS0|CK 3(Au)£[ 0|gJE|a. StT oflLH7;|(binding energy)MS ztz{ 4f 5/2 (87.9eV) §J Au 
4f 7/2 (84.2 eV)o|cK o|fe &^j^ E (jo| S(Au o )( ^| «ngs}fe &o|ck o|^E{, cnt K&i saHS a 7 JS§e cH 

¥moi a^.o|c ^EH7r oi-y fi-as a as^Js ^ h 4= ajsicK 



oi^oflAH ^aii^i idath uhsi- a-oi, & itas 3^01 sahs se« cnt ai 71a #<hi ^-71 cnts ^is^ 

fe SE^ cnt EHfd £fe cnt IJSSI A^^es Ai|§§rfe &^7 r ftJcK ^ tfS(HI ate cnt a! ^ nHfde 



(57) Sfl 

7C^Zp. -| 

ChSal i&trfe ^§£5 #fe 3^0| SAttS CNT°I A1|^^^: 

(a) ?h^H^7|» 5>fe CNT S AIIS^ 07=11; 

(b) *j-7i cntsi ?[^mu7\m o[D\ir.ym Bmy\m %mw\ 7i*fe swmssi oi-di^i^ &mMn mmy\s. 7m 
m cnts 07ii; as 

(C) #7| E^IOllAH ^0{S E|S7|S CNT5.I E|g7|0fl aiTA|7fe &N. 

2. 

^H^CHI ?MM, (a) BTllte CNT« *HS|§rfe ^IJo^ sfe 

5l*0| ? A l0{Ai (c) &H& E|*7|S. 7H^^J CNTCHI L^fyA^ ^fe M^O| = g gh«A|fl C|g, SflA^lfe 5! 

4. 

7311 «• BE-c- XH3»CH| ?J0{AH, 3(Au)^ ^§2^ Srfe l, h a. 
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«|1«-<H| S{<HH 0^|^7|I!j- Ej§7|S SA|0| 7lX|fe »W*5le NH 2 - R , - SH 

{<#7\M. R ,£C ,.20 £J 5L^BS^^#, MS^eSh^W 5Efe #7|7|0|Cl)£J 5* ^§£S SfB. 

6. 

*I|5#S| yfl<H| °|SH *|S£|ja, CNT- (CONH- R , - S- M)rS| ?^EH» 7|-Xfe 0| ^jq|£|0-| CNT(0=| 
7 1 AH, M$ M-EhUtfl, rB 10|^oj xh^O|cH, R ., & 7j|4«<H|AH tdh2h W). 

■St 1 ?)" 7 

X1|6tWI 5&KHH MO| g(Au)2J 5* ^go £ sffe CNT. 
8. 

C |. S o| g- 7 =|| 5 i^stfe 3# £lb 5H£^ CNT nHE!£| AflZEgj-a: 

(a) SfflcHI E|§ 7 |7f 7|S* EMI; 

(b) ft|-7| 7|gS^S| E|#7|Oj| n\6%°\ ^E-y CNT S| H^w 3#A|7|fe 07)1; 5U 

(C) #7| 715101 ¥*IE! CNT Oi| 7fl6«-S| CNTS a&A|^ £d££j CNT* ^gtlfe EM. 

5§5eMI* 3L»*b *1SSS Site CNT SM°I XllSgfB: 

(a) itHCHI E|g7|7l JttSS 7|SS EM; 

(b) &7| 7|SiSS| E|*7|ofl AH6S-0) CNT 5.| ^» SlTA|7|fe EMI; 

(c) #7| 7ISCH! ¥*1S CNT Oil AllB^oj £d££! CNTS flffAH £di^ CNT» ^S§lte EMI; Si 

(d) #7| (c) EMI9 emsM CNTai *olfe EMI. 

10. 

AilSD- ffite Aflg^Ofl ojO-jAH, (a) EMte CNT» 5H§Aig 7|S IgO^ 0|-0|bz 5|-«7|# hzSMZl CfS, ^s^^ 7 |^ 

e|S7|# *AjcH| 7lx|fe *He|*M, &7| 7|S^sj o[n\±7\$ ifsfSS^ ?I- = M4I7| Zhofl 0[Q\!= 

11. 

*l10»0fl ?JCHAH, #7| ?1M^^7|21 E|§7|S §A|<H| 7lX|b imgSte HOOC- R 2 - SH(0i7\k\, R 2 te C 

el ssis-ik^*, ksi-b-si^* 5Efe amai ^7i7io|ci)Oj ^§ ^ S o^. §h= am 

12. 

AlMOirofl RJOHAH, ^Ofl O^lJc 5TS7I7I- ic»S 7lSte 7|SS OjDlinttWAI tfB©S *HB|*t<H °d0-|£] 

^S£s sit s-s. 

xl|8» ste «|9»(H| SJo-fAH, (c) EMfe o|§ e|s 5fS7|# 7^ U^HS o|§§fe 5* ^S°S §te 

*iii3S<hi aioHAH, ois e|# 5fS7i» 7i5j u?Hb hs- r 3 - shs jEAisife 5i?fgaej a* f§2£ site a-a ( 

0^7|AH R 3 fe C eJ if|W^», SislEHh^^W Sfe #7|7|0|C|-). 

^|8tf 5Ete A)i9SroHj oio-fAi, 7|^S mi$= fl*|of| SiE^ CNTS ¥^17| ^|3lo=| iS.B||7:|^E cn fe ^ 

oi s•a£|o^ oj- s S o £ ste yh a . 

16. 
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ales- sfe m%'oi\ ?MM, 7i^e *si, *g4i5i?h, SEh±^ si pdms^ sow ti^fe sJSJS 

SnPS!" 17. 

7|S- [CONH- R 2 -S- Au-CNT- Au- (S- R 3 - S- Au- CNT- Au)p] qS| ?Sf 5*fc CNT SS (0^7|AH pfi|- 

qfe 10|#3| ^oH^OU, R 2 £f R 3 b C ,_ 20 21 iSt-^Sh^^ff, Si^EW4^# Sfe #7|7|0|C|-). 



OH. 




its oNT a»t;^mte:s ewx 

i 




- 10- 



57H***1 10-2004-0107763 



1 i J 




I I ! I I ....... : .,..„.., , i j ! ;S-.g 

J?2' ^ ■ ■ ■ . ! ^ • 



sh Sh sm ; sh sh s s- sh' .s- ;sh 



si, t :S,.r: . f:i..! 
1 t. . "i 



• # IS 



- 11 - 



57IW*1 10-2004-0107763 



||I 

i 


-a. 




% 


? 

i 


1 • 


xcoxc 


A. 






S ■ •■ SH : 

1 f ■' 


i 


: ft 

iL L 


ft .ft-. 


ft- * 



SH 

ft! 



? f 

$ 



•>:.:y.v:, 

9 



a ft; 



-S .-SB 

■ft, ft.. 

,L„.,.JL .„.^-J 












fist ~.«MrS 




'v'.:;-^;:i-:^;;-:,- . ' f to^^' " 


$ 


s 


t 

I?*. 


- '*- n 


s 












? 




ft. :-m* 

■ if -i* ' 










is.;' 


•t- * r . 


Illll ft 


ft -ft ■ "-ft: ft ! • i 

JLl^JL*, L, 1 ' 





mi 



T 

ft-- 



;SH. 
i 

ft' 



•SH. 

i . .1 ... 




- 12 - 



57|R*1 10-2004-0107763 




- 13- 



S7H^*i 10-2004-0107763 




94 92 90 88 86 84 82 80 
Binding Energy [eV] 



- 14- 



